A theoretical framework has emerged recently to guide research in the teachers' use of ICT and it is the technological pedagogical content knowledge (TPACK). Early research indicates that Blended learning is increasingly being adopted at all levels of educational system. It is considered as a way to foster engaging in interactive learning experiences. The purpose of this article was to determine the levels of ICT knowledge on e-course design through blended learning approach among science teachers of secondary schools in Yemen. The study was conducted on the sample of 60 science teacher trainees in Ibb city. The ICT knowledge scale was used based on TPACK. To analyze the data t-test was used. The findings in this study indicated that TPACK has provided a valuable tool for assessing teacher knowledge in the area of technology integration, the teachers' ICT knowledge was above average in two groups, and there is significant difference between experimental and control groups on ICT knowledge scale. Recommendations are made for future research on online collaboration activities to raise awareness of factors related to online group work and to determine the in-service training needs of teachers on ICT use to follow-up support and to ensure successful utilization of new technologies.
Introduction
With improvement in technology, the changes in learning environment, content, and integrating ICT into classroom teaching and learning continue to be challenging tasks for many teachers (Shafer, 2008; So & Kim, 2009) . Along with digital technologies, technical competencies have also appeared. These require having knowledge and skills in using the technologies which will provide comprehensive learning. The teachers feel inadequately prepared for subject-specific use of ICT, and theoretical framework is lacking (Kramarski & Michalsky, 2010) . The TPACK framework addresses the problem from overemphasis on technological knowledge in many ICT courses that are conducted in isolation from teachers' subject matter, it is quite important that the teachers understand the nature of knowledge and inquiry in different fields (Papanikolaou et al, 2014) . TPACK is a type of integrative and transformative knowledge teachers need to be effectively and adequately prepared to integrate in ICT use in the classroom.
Educational research studies show that programs of professional development for teachers are most effective when directed towards the development of ICT (UNESCO, 2002 ). Yet developers of online professional learning communities face significant challenges in organizing and maintaining a virtual community in which participants develop the sense of belonging, trust, and support which are prerequisites to learning in a community (Charalambros et al, 2004) . To address the challenge of community building in online environments is to utilize a blended approach to professional development.
Technological Pedagogical Content Knowledge (TPACK)
Most recently there is recognition among many educational technologists that the pedagogical uses of technology are strongly influenced by the content domains in which they are situated. For example, the teacher knowledge required to effectively integrate technology in a science classroom may be very different from that required for a social studies classroom. TPACK framework is the interplay of three primary forms of knowledge: Content (CK), Pedagogy (PK), and Technology (TK) (Koehler & Mishra, 2005) . Based on the literature of Papanikolaou (2014) , Kazua (2014) , Lee (2010) , Mishra and Koehler (2006) , Alazzam et al (2012) , Chai et al (2013) , Allan et al (2010) , Jimoyiannis (2010) , Khan (2011) , Baran et al.(2011) ; all studies have yielded positive results in enhancing teachers' capability to integrate ICT for instructional practice and discussed how TPACK can be used to guide educators' effort in dealing with the challenges of teaching and learning that are brought forth by rapidly changing technologies. However, there are still many potential gaps for which TPACK could be employed to facilitate deeper change in education. In particular, these studies assessed the teachers' basic ICT knowledge and skills with the presumption that any teacher of any subject will need to acquire it.
Previous studies have stated the importance of ICT knowledge as a critical factor among teachers' ICT readiness to integrate ICT into classroom teaching in their conceptual framework for teacher knowledge. The integration of ICT in education can take several forms such as information and computer networks, digital content, internet sites, multimedia, mobile technologies, multi-touch collaborative software, multi-users virtual environment etc. ICT integration can be defined as ICT use in classroom teaching. This requires understanding the representation and formulation of concepts using technologies; pedagogical techniques that utilize technologies in constructive ways to teach content according to the intersection of the three knowledge bases (Mishra & Koehler, 2006) . The TPACK framework proposes seven distinct categories of teacher knowledge. However, in the context of this article, only the four categories (see Figure 1) found within the Technology circle (Graham et al, 2009) 
Professional Development through Blended Learning Approach
Professional development is most effective (Owston, 2008) , and collaborative communities are a hallmark of high quality professional development, whether they meet face-to-face (Little, 2003; Louis & Marks, 1998; McLaughlin & Talbert, 2001) or online (Barab, Kling, & Gray, 2004; Koch & Fusco, 2004) . The increasing use of information technology has created renewed interest in this evolving concept (Duhaney, 2004; Vaughan, 2007) . These lead to change in methods of teaching and learning.
Recently, blended learning has attracted considerable attention in teacher training programs. There are a wide variety of definitions of blended learning; the most common is that which recognizes some combination of virtual and physical environments; Owston et al (2008) described blended learning as a combination of face-to-face experiences in which learners share online experiences, although not all learners are at the same location. According to Bonk and Graham (2003) , the definitions are:  the combination of instructional modalities or delivery media and technologies.  the combination of instructional methods, learning theories, and pedagogical dimensions.  the combination of online learning and face-to-face learning.
Further blended learning is being adopted at all levels of the education system, as instructors explore different ways to facilitate learning, and learners become more engaged in the process within a media rich environment. This learning approach is recognized in teacher preparation programs as an effective way of ensuring a greater level of facility with the integration of information communication technology (ICT) across the curriculum (Duhaney, 2011) .
There are significant arguments in the literature regarding adopting a blended learning approach in professional development. Owston et al. (2008) found that blended programs were effective in providing teachers with an opportunity for learning on the job and collaborating with other teachers, and that blended learning is a viable model for teachers' professional development. Papanikolaou (2014) suggested that blended programs can help teachers better understand and implement technology into their classrooms and, to a lesser extent, adapt exemplary materials to their own settings. Kaur (2013) gave the overview of the concept of blended learning from different perspectives. This study also described various blended learning strategies, disclosed the methods used in blended learning such as the synchronous instructional method and the asynchronous instructional method, and reveals the dimensions of the blended learning approach (e.g. blending offline and online learning, self-paced blending and live blending, collaborative learning, and blending structured and unstructured learning).
Methodology

Purpose of Study
This study contributes to understanding of technology usage among science teachers to design courses based on ICT knowledge and through blended learning approach. Regarding the dimensions of ICT knowledge according to TPACK framework developed by Koehler and Mishra (2006) , only the four dimensions related to technology as proposed by Graham (2009) were used. The blended learning approach to teachers' professional development aimed at addressing existing gaps in teacher preparation programs. However, there is relatively limited empirical evidence on blended learning approach in teacher education programs (Abidoye, 2015; Ho et al. 2014; Keengwe & Kang, 2013; Papanikolaou, 2014) , as well they pointed out that more empirical research is needed to examine the effectiveness of blended learning in teacher training programs. Specifically, the current study examined the dimensions of ICT knowledge according to TPACK concerning e-course design and effectiveness of blended learning on professional development for in service science teachers.
Research Questions
For this study the following research questions were examined: Q1: What are teachers' awareness levels in TPACK scale on integrating ICT in e-course design after intervention?
Q2: Is there a significant difference between experimental group and control group regarding gain mean of teachers' TPACK on integrating ICT in e-course design?
Study Design
The present study is quasi-experimental in nature wherein a pretest-posttest non-equivalent groups design was employed. The groups are as follows: Experiment Group in which the teachers have been trained where blended learning environment has been provided; Control Group in which the teachers have been trained where traditional learning environment is offered.
Participants
The sample consisted of 60 science teachers in control group and experimental group (30 each). The groups matched according to the teacher's levels as indicated in their in-service training profile to use computer and Internet. The subjects were randomly assigned after matching for experimental and control groups.
Instrumentation
Knowledge scale was used to measure the teachers' ICT knowledge based on TPACK developed by Koehler and Mishra (2006) . Only the four dimensions were used which were related to technology. There were 35 items, and the response for each item was assessed using a five-point Likert Scale, indicating 0=Not aware of the components; 1=Aware of the components; 2=Familiarly with the use of the components; 3=Knowledgeable about the components; 4=Highly knowledgeable about the components. Two experts in the field of computer technology were asked to validate the questionnaire for the Arabic version. The pilot test was carried out using 22 teachers, who were not included in the main study. The internal consistency and reliability of the instrument was calculated using Cronbach's coefficient alpha, and it was 0.846. Tests used as pretests and posttests have been applied to experimental and control groups to assess their ICT knowledge, After the questionnaires were collected back, the researchers analyzed them using SPSS 17.0 software.
Intervention
This study adopted a model of blended learning which was flexible; this model featured an online platform that delivers most of the curricula. Face to face instruction included 12 sessions in computer lab and online learning included 20 sessions (asynchronous and synchronous). The training program extended over 8 weeks approximately, selecting 4 days per week for 32 periods of two hour session each.  Experimentation along with the computer assisted instruction was by using CD-ROM, and PowerPoint presentation. In the online platform the navigation contained the sequential elements as illustrated in Figure 2 . Online learning was facilitated via a webbased learning platform (https://sites.google.com/site/alearningy/; see Figure 3 ). Before intervention the participants were informed about objectives of the program and session processes and they were extended invitation to join in website through their emails.
 Control group had a total of 32 sessions in the classroom and also in the computer laboratory, they had assignments which were delivered and discussed with the trainer. 
Data Analysis
Data collected through the scales were analyzed based on percentages, arithmetic means, and t-test. Findings were interpreted accordingly. For the statistical differences and relationships, a significance level of 0.05 was accepted to be sufficient.
Results
Answers the research questions "What are teachers' awareness levels in TPACK scale on integrating ICT in e-course design after intervention?" and "Is there any significant differences between experimental group and control group in gain means of teachers' TPACK on integrating ICT in e-course design?" are presented in the following tables. Table 2 summarizes the findings on the equivalence between the experiment and control groups in knowledge scores on ICT before the intervention applied in the study. Table 2 reveals that there is no significant difference between the groups regarding their ICT knowledge scores (p>0.05). It is indicated that the groups were equivalent in their ICT knowledge scores; to put it differently it has been observed that the teachers in the two groups were close to each other when their ICT knowledge scores are considered.
Equivalence between Groups before Intervention
Effectiveness of Blended Learning on ICT Knowledge Scores based on TPACK
Based on the t-test results, a significant difference was found between the experimental group and the control group in the gain means on ICT knowledge, and the results for both groups are tabulated in Table 3 . Table 3 indicates that there are significant differences between mean scores on pretest and posttest at 0.05 level of confidence on ICT Knowledge (TK, TPK, TCK, and TPACK). When the findings are interpreted, on pretest and posttest components of the TPACK scale administered to both groups, the teachers were found to be significantly different in terms of all the subcomponents of the scale (Technology Knowledge, Technological Pedagogical Knowledge, Technological Content Knowledge, Technological Pedagogical Content Knowledge).
For all the subcomponents of the scale, the teachers' posttest scores have shown an improvement over the pretest scores. The table also indicates that the mean gain scores of experimental group are higher than those of the control group on ICT knowledge (TK, TPK, TCK, and TPACK). To examine which method was better than the other, the gain mean used for comparison between experimental group (blended learning approach) and control group (traditional method); t-test was performed to check the difference on ICT knowledge scale scores in gain mean between the two groups. The results are presented in Table 4 . Table 4 shows a significant difference (t=5.404, p< 0.05) on gain mean of TPK; it is evident that the gain mean scores in TPK is higher in the experimental group (M=29.00) when compared to the control group (M=22.70). Table 4 demonstrates that there is a significant difference between the groups in gain mean on ICT knowledge. It reveals (t=3.141, p< 0.05) on gain mean of TCK, and the gain mean scores in TCK is higher in the experimental group (M=23.93) when compared to the control group (M=20.57).
Finally, Table 4 shows that there is a significant difference between the groups in gain mean on ICT knowledge. It reveals (t= 3.030, p< 0.05) on gain mean of TPACK. It is evident that the gain mean score in TPACK is higher in the experimental group (M=15.77) when compared to the control group (M=12.83).
The gain means both on pretest and posttest on ICT knowledge scale of the groups are shown comparatively in Figure 3 . It demonstrates that the gain mean scores of ICT knowledge are consistently higher in the experimental group than the control group.
Figure 3.Gain Means in ICT Knowledge among Groups
Discussion and Conclusion
Results of this study indicated that the teachers' ICT knowledge was above the general average in the two groups. It could be attributed to the knowledge of new technology merged with teachers' content and pedagogical knowledge, which might have contributed in teachers' awareness level on ICT knowledge to integrate ICT in e-course design. It can be assumed that the participants had already acquired the necessary knowledge of ICT usage after the intervention. This result is consistent with the findings of the studies done by Baran et al. (2011 ), Papanikolaou (2014 , Sezer (2015) , and Tozkoparan et al. (2015) who all found that TPACK model plays a leading role on the subject of teachers' needs about technology, pedagogy and content in order to ensure professional development of teachers. Ultimately, TPACK has provided a valuable tool for assessing teacher knowledge in the area of technology integration. This result will make positive contributions to integrate ICT and improve teachers' performance in the learning process.
When Table 4 is carefully reviewed, it is seen that there are differences between groups regarding gain mean on ICT knowledge. That means that the experimental group which was trained through blended learning performed higher than the control group which was trained through traditional method on ICT knowledge in e-course design. It could be attributed to that the teachers who were trained through blended learning approach have expressed their satisfaction with the enhanced interaction and flexibility which this environment affords along with the opportunities for continuous improvement; these points were observed through their posting during activities. This result supports Kaur (2013) and Adidoye (2015) who found that blended learning instructional approach was more effective in enhancing teachers' performance compared to conventional teaching method.
In conclusion, regarding the teachers' ICT knowledge, the findings of this study point out that the developers for teacher preparation programs must be careful in identifying appropriate ways to apply ICT tools throughout the coursework and experiences planned for in-service teachers. Teachers should continue to improve and gain more ICT knowledge. The study suggests comparative research into the strengths and weaknesses of different ICTs, especially the new technologies integrated with face-to-face environments available for teachers in schools, to investigate the characteristics of best blends for learning. Finally, as there is a lack of empirical research on the application of blended learning to teachers' professional development in Yemen, the current study will be useful to educators, researchers, and teachers. It will be also helpful for educators on how to design e-learning experiences, to develop new and alternative methods to traditional methods of training in accommodating the necessary training needs of teachers.
